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ACUTE CORONARY SYNDROMES
The acute coronary syndromes (ACS) are a group of various cli-
nical situations ranging from unstable angina to ST segment
elevation with myocardial infarction. Echocardiography provi-
des important information in the diagnostic and prognostic
assessment of ACS. The versatility of echocardiography instru-
ments into coronary care units and the development of porta-
ble echocardiography instruments make this technique the
non-invasive imaging method of choice for emergency use,
which is readily available and easy to repeat at the patient’s
bedside.
Conditions for performing the investigation
High quality echocardiography imaging including second har-
monic imaging is required in order to obtain a reliable assess-
ment of myocardial wall motion and thickening.
Transthoracic echocardiography (TTE) is sufficient in the
great majority of cases to provide diagnostic information and
screen for complications. Transoesophageal echocardiography
(TEE) is rarely indicated and is used above all if a complication
is suspected but is not sufficiently assessed by transthoracic
echocardiography. Transoesophageal echocardiography requi-
res a trained operator.
Diagnostic utility
Echocardiography may be a valuable aid if the diagnosis is
uncertain, particularly when there is a high index of clinical
suspicion of ACS with a normal or non-contributory ECG [1-3].
Echocardiography is generally not useful diagnostically in ACS
with ST segment elevation and must not delay the institution
of reperfusion techniques.
The development of portable echocardiography instru-
ments allows the diagnosis to be confirmed rapidly if neces-
sary by finding typical regional wall motion abnormalities and
to screen for some complications (pericardial effusion, LV
thrombosis, right ventricular extension of inferior wall myo-
cardial infarction, mechanical complications) [4].
The parameters to be recorded are predominantly regional
wall motion abnormalities. These must be examined systema-
tically in all views. Their topography closely reflects the coro-
nary vascular distribution in the absence of some anatomical
variations [5] (figures 1 and 2). The presence of akinesia or
severe hypokinesia in a vascular territory is a very sensitive
marker of ischaemia [6]. The investigation must be performed
using the ASE 16 segment (or 17 segment) classification [7].
The thickness of walls with wall motion abnormalities must
be reported. Normal wall thickness argues in favour of an ACS
being recent.
Echocardiography is highly sensitive (90-95%), to diagnose
ischaemia and infarction in patients with a high probability of
ACS [1-3]. It also has a high negative predictive value (approxi-
mately 95%). Diagnostic false negatives nevertheless occur in
non-Q wave infarction. If ACS is suspected and the ECG is non-
contributory the sensitivity of echocardiography to diagnose
ischaemia is highest if the investigation is performed during
pain, particularly if the wall motion abnormalities regress
after the ischaemia is treated. 
The positive predictive value of echocardiography to dia-
gnose infarction is lower depending on the likelihood of the
diagnosis of ACS being present. Echocardiography must not be
used in isolation to diagnose myocardial infarction. Segmental
wall motion abnormalities are not specific for infarction or
acute ischaemia and may represent post-ischaemic myocar-
dial dysfunction (stunning), infarction scar or non-ischaemic
segmental abnormalities such as acute myocarditis.
Echocardiographical assessment of myocardial
infarction (ACS with ST segment elevation)
All patients with an acute infarction (with or without ST seg-
ment elevation) should have an echocardiogram performed
during the hospital phase. In some patients the investigation is
performed on an emergency basis for diagnostic purposes, if
an infarction is complicated by cardiogenic shock or if a
mechanical complication is suspected. In uncomplicated
infarction, echocardiography is generally performed after
reperfusion treatments. Echocardiography must be performed
immediately if a patient develops sudden haemodynamic
deterioration. Patients with extensive wall motion abnormali-
ties on the initial echocardiogram are at higher risk of deve-
loping complications. Repeated echocardiographic follow-up
is indicated in these patients. 
Parameters to be recorded [7]
Segmental wall motion
Echocardiography should describe the severity and extent of
segmental wall motion abnormalities reporting the number of
abnormal segments in the different views, results of exami-
ning for segmental abnormalities in the different territories or
for signs of previous infarction with wall thinning (table 1).
The severity of the wall motion involvement must be reported
for each segment, taking into account myocardial thickness:
akinesia (no wall thickening or endocardial movement), hypo-
kinesia (reduced wall thickening and endocardial movement),
or dyskinesia (paradoxical systolic movement associated with
absence of wall thickening). 
The ischaemic area may be over-estimated as adjacent seg-
ments may experience stretching, stunning or load modifica-
tions effects. 
Left ventricular morphology
Left ventricular dimensions are usually measured in M-mode in
parasternal views. Left ventricular volumes (particularly the
end-systolic volume) are measured when the left ventricular
ejection fraction (LVEF) is measured using the Simpson
method in apical views. 
Particular attention should be paid to geometrical changes
of expansion of the infarcted area, remodelling or the esta-
blishment of an early left ventricular aneurysm.
Left ventricular systolic function
Left ventricular systolic function is assessed by measuring the
LVEF using the Simpson biplane method. A segmental wall
motion score index (WMSI) is calculated from the sum of the
abnormal myocardial segmental kinetics scores as the ratio to
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the number of segments analysed also provides an estimate of
global systolic function. 
Diastolic function and left ventricular filling
pressures
The main parameters to record are transmitral flow by pulsed
Doppler, allowing measurement of the E and A wave and the
E/A ratio, E wave deceleration time (DT) and measurement of
the Ea wave by tissue Doppler at the mitral annulus, together
with calculation of the E/Ea ratio. If mitral flow is “normal” in
appearance, other parameters must be recorded such as ana-
lysis of pulmonary venous flow or lef ventricular flow propaga-
tion during early filling (Vp) by colour M-mode during two-
dimensional guidance. (table 2)
Left atrial size should be measured in an apical view (left
atrial surface area or volume as demonstrated in epidemiolo-
gical studies).
Right cavities, pulmonary pressures 
and right ventricular filling 
The size of the right cavities and right ventricular wall kinetics
must be assessed. Right ventricular injury should be examined
in inferior wall myocardial infarctions. Pulmonary pressures
can be calculated from tricuspid and pulmonary regurgitant
regurgitation flows. The diameter of the inferior vena cava
(IVC) and its respiratory variations must be measured.
Complications of myocardial infarction 
Acute mitral regurgitation 
Mitral regurgitation (MR) due to papillary muscle rupture is a
rare but serious complication of infarction generally resulting
clinically in cardiogenic shock. The posterior papillary muscle
is the most commonly affected. Papillary muscle rupture is
responsible for an eccentric MR jet due to segmental prolapse
which is occasionally difficult to assess by TTE colour Doppler
and is associated with a hyperkinetic left ventricle. TEE is
often required to confirm the diagnosis, frequently enabling
the ruptured papillary muscle to be visualised, particularly in
a transgastric view.
The prevalence of MR outside of possible papillary muscle
rupture ranges from 11% to 59% [8]. The main mechanism is
incomplete closure of the mitral valve with restriction of one
or both valves, often associated with widespread wall motion
abnormalities which may or may not involve the papillary mus-
cles. It is associated with a poor prognosis and increased risk
of mortality and heart failure independently of other prognos-
tic factors [9]. It is often clinically silent and must be exami-
ned systematically by echocardiography. Quantification of the
severity of mitral regurgitation is of prognostic importance.
Significant mitral regurgitation is defined by a surface area of
the effective regurgitant orifice (ERO) of >20 mm2 [9].
Septal rupture
The clinical presentation of septal rupture is similar to that of
papillary muscles ruptures. The echocardiographical diagnosis
is based on the finding of a septal discontinuity with more or
less well defined outlines, associated with an abnormal left to
right shunt between the ventricular cavities on colour 2
dimensional Doppler. If a large shunt is present, the left ven-
tricle is hyperkinetic, the left-to-right shunt Doppler flow is at
low velocity and the pulmonary pressures are raised. The site
of rupture depends on the topography of the myocardial
infarction. Interventricular communications from anterior
infarctions are best assessed using apical views. Interventricu-
lar communication from posterior wall myocardial infarctions,
which are occasionally associated with a right ventricular
myocardial infarction are best assessed by a short axis paras-
ternal and sub-costal view. TEE is only indicated in patients in
whom transthoracic echocardiography investigation is insuffi-
cient.
Left ventricular wall rupture
This is the most serious complication of infarction and gene-
rally results in rapidly fatal tamponade. The echocardiogra-
phical diagnosis generally only involves subacute ruptures.
Direct visualisation of the rupture is difficult and a Doppler
flow is rarely seen. The most highly suggestive echocardiogra-
phical sign is the presence of a smaller or larger pericardial
effusion which is heterogeneous in appearance and generally
circumferential [10].
Right ventricular myocardial wall infarction
Right ventricular extension occurs in 30 to 50% of cases of infe-
rior infarction [11]. Systematic ultrasound examination is
appropriate because of the poor specificity of clinical and
electrocardiographical signs and because of its prognostic
impact. The most common echocardiographical signs are seg-
mental wall motion or global right ventricular abnormalities
and right ventricular dilatation and dysfunction. Right Doppler
flow recording (pulmonary regurgitation) is useful for diagno-
sis and allows right ventricular filling pressures to be measured
[12]. (table 3)
Left ventricular remodelling, 
left ventricular aneurysm and thrombus
Wall expansion complicates extensive transmural infarctions
and results in thinning of the wall which may be complicated
by rupture or early left ventricular aneurysm formation.
Repeated echocardiography is useful to identify expansion of
the involved left ventricular myocardium. Left ventricular
aneurysm is seen on two-dimensional echocardiography as a
dyskinetic or akinetic thinner wall with deformity of the dias-
tolic volume. Aneurysm predisposes to intraventricular throm-
bus formation. Some echocardiographical features of the
thrombus (pedunculated and mobile) are associated with
increased risk of arterial embolism [13] (table 3).
True left ventricular aneurysm must be distinguished from
false ventricular aneurysm secondary to myocardial rupture
into partitioned myocardium. The false aneurysm has a nar-
row neck, an acute angle of attachment with the adjacent
myocardium and is characterized by a bi-directional Doppler
flow.
Pericardial effusion
A pericardial effusion may be seen with transmural myocardial
wall infarction, independently of myocardial rupture. Echo-
cardiography describes its size, distribution, tolerance and
progression.
Prognostic impact
Echocardiography provides prognostic information from an
assessment of the extent of the wall motion abnormalities,
left ventricular systolic and diastolic performance indices and
in screening for complications. 
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Table 1 Diagnosis and initial assessment of acute coronary syndromes: obligatory parameters to record for analysis of
left ventricular morphology and function. 
Parameters Thresholds/quantification Technical comments Value
Segmental wall motion Qualitative or semi-
quantitative scoring scale
(cf table 4)
16 or 17 segment model 
(ASE) [7]
Sensitive parameter
 for ischaemia
Limited specificity 
Describing the number of 
abnormal segments
Large number of views: 
2 parasternal views, 3 apical 
views, subcostal views 
Investigation for segmental 
abnormalities in separate 
territories or a sequella 
of old infarction with wall 
thickening 
Use analysis of wall 
thickness rather than 
analysis of displacement 
Regional wall motion Coronary vascular territories 16 or 17-segment model 
(ASE) [7]
Topographical value
Left ventricular 
ejection fraction (LVEF)
Visual analysis (avoid) Limitations of visual 
estimation
Modified biplane Simpson 
method (disc summation 
method)
Harmonic imaging
Apical 4 and 2-cavity views 
Reference method 
Limitations: 
— risk of under-estimating 
volumes 
— limited to 2 planes 
(utility of real time 3D)
— possible rapid change 
in LVEF post-infarction 
ASE: American Society of Echocardiography; LVEF: left ventricular ejection fraction.
Table 2 Diagnosis and initial assessment of acute coronary syndromes: obligatory parameters to record for analysis of
left ventricular filling pressures.
Parameters Thresholds/quantification Technical comments Value
Mitral flow
(at valve tip)
Type 1: relaxation abnormality 
(E/A <1 before 50 years old and 
<0.5 after 50 years old
Filling flow has multi-
factorial dependency 
(age, load conditions)
Suggestive of filling 
pressures not raised 
if no LVH
Type 2: pseudo normal Use other indices (E/Ea, 
E/Vp, Pulmonary venous 
flow)
Type 3: restrictive 
(E/A >2 or EDT <130-150ms)
Suggestive of filling pressu-
res if LVEF low
EDT ≤150ms has poor 
prognostic value [16]
Tissue Doppler
at annulus 
E/Ea <8 Suggestive of filling 
pressures not raised 
E/Ea >15 Suggestive of raised filling 
pressures 
Independent prognostic 
value for post-infarction 
death [18]
E: transmitral E wave; Ea: tissue Doppler E wave at annulus; LVEF: left ventricular ejection fraction; LVH: left ventricular hypertrophy; 
EDT: E wave deceleration time; Vp: Propagation velocity on colour M-mode.
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As wall motion abnormalities may improve after reperfusion
treatment, prognostic echocardiography can be performed
immediately before discharge from hospital.  
Several echocardiographical systolic and diastolic left ven-
tricular function parameters are of established prognostic
value. A raised segmental wall motion index (WMSI >2)
(table 4) or reduced left ventricular ejection fraction (LVEF
<40%) are associated with a high risk of death, heart failure and
ventricular arrhythmias [14]. End-systolic volume has a greater
prognostic value than LVEF [15]. Several diastolic function indi-
ces predict late left ventricular dilatation and death, such as a
shortened E wave deceleration time (<130-150 msec), restric-
tive mitral flow, an E/Ea ratio >15 by tissue Doppler on the
mitral annulus and left atrial dilatation [16-19]. The presence
of, even slight, mitral regurgitation, left ventricular remodel-
ling [9], or left ventricular aneurysm detected with repeated
echocardiography also has a poor prognosis.
A prognostic approach combining these different factors
has recently been proposed [20] (table 5). 
Other prognostic indices can be obtained with techniques
which are not used routinely. These include assessment of car-
diac cycle-dependent variation of integrated backscatter
Table 3 Diagnosis and initial assessment of acute coronary syndromes: other obligatory parameters to record. 
Parameters Thresholds/quantification Technical comments Value
Others 
Mitral regurgitation 
(MR)
State presence or absence of MR, 
even mild and mechanism 
Colour Doppler, apical view 
Threshold for significant MR: 
ERO>20 mm2 [9]
Quantification by PISA or 
Doppler volumetric techniques 
Adverse prognostic value in 
the absence of pre-existing 
valve disease 
Investigation 
for thrombus
State size and features 
(sessile or pedunculated)
Harmonic imaging
Apical views showing the apex
Possible diagnostic false 
positives and negatives 
Extension to RV RV wall motion abnormalities 
RV dilatation (ratio RV/LV 
diameter >0.6) 
Parasternal (short axis), apical 
(4C and right 2C) and subcostal 
views 
Doppler pulmonary 
regurgitation Doppler flow 
(PHT <150 ms, Vmin/Vmax <0.5)
Couple Doppler and Pedoff 
probe
Excellent diagnostic 
and prognostic value
Inferior vena cava Subcostal M-mode with 
respiratory trace 
Dimensions determined by 
blood volume and RAP
Pericardium Topography and volume of 
effusion 
Multiple views Signs of intolerance
(cavity collapse, respiratory 
flow variations)
PHT: pressure half time; RAP: right atrial pressure; Vmin: minimum pulmonary regurgitation velocity; Vmax: maximum pulmonary regur-
gitation velocity; ERO: effective regurgitant orifice area.
Table 4 Segmental wall motion score index (WMSI).
0 Hyperkinetic: Increased systolic wall thickening and endocardial movement
1 Normal: Normal systolic wall thickening and endocardial movement
2 Hypokinetic Reduced systolic wall thickening and endocardial movement
3 Akinetic No systolic endocardial wall thickening or movement 
4 Dyskinetic Paradoxical endocardial movement in systole with no systolic wall thickening 
Table 5 Multifactorial prognostic approach to coronary artery syndromes: [20].
Low risk Intermediate risk High risk 
LVEF 40% 30-39% <30%
Transmitral flow Abnormal relaxation Normal profile or abnormal relaxation Restrictive flow
Mitral regurgitation Absent or mild Moderate Severe
E/Ea <8 8-15 >15
PAPs <45 mm Hg 46-60 mm Hg >60 mm Hg
E: transmitral E wave; Ea: E wave by tissue Doppler annulus; LVEF: left ventricular ejection fraction; PAPs: systolic pulmonary arterial 
pressure.
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signal or the presence of a “no reflow” effect on myocardial
contrast echocardiography [21] or in transthoracic coronary
Doppler flow analysis [22].
Stress echocardiography
Acute coronary syndromes 
with ST-segment elevation 
Widespread use of primary angioplasty to treat the acute
coronary syndrome with ST segment elevation has changed
the investigation strategy for these patients. Dobutamine
echocardiography which was initially proposed to guide the
management of these patients is now prognostic useful and
quantifies the amount of stunned myocardium liable to reco-
ver in the weeks following recanalisation of the target coro-
nary artery [23].  
Transoesophageal echocardiography (mostly dobuta-
mine) is well tolerated and can be performed as early as
the 3rd day post MI (omitting the beta blocker on the day
of the investigation) in the absence of complications
during the acute phase [24]. This identifies areas of stun-
Table 6 Acute coronary syndromes: optional parameters to record. 
Parameters Thresholds/quantification Technical comments Value
Segmental wall motion 
score index (WMSI)
Different segmental scales Accuracy depends on number of 
analysable segments 
Reflects global left 
ventricular function
Prognostic index
Increasing WMSI [1] 
Normal WMSI =1
WMSI >2 predictive of post 
infarction LV dilatation [1]
Decreasing WMSI used in the 
TRACE study [14] 9 segments;
WMSI normal =2
(WMSI ≤1.2 equals LVEF ≤35%).
Prognostic value of 
repeated measurement of 
WMSI [14]
Colour M-mode
on mitral flow 
E/Vp≥1.5 predictive of 
in-hospital heart failure
Useful to identify pseudonormal 
mitral flow
Propagation velocity (Vp) 
measured on the first aliasing 
line (45 cm/s), from the mitral 
annulus to 4 cm into the LV 
cavity in early diastole
Limited reproducibility of 
measurement
LA volume Biplane area-length method
Normal value 22±6 mL/m2 
Adverse prognostic value 
if LA volume >32 mL/m2 
[19]
Stress echocardiography 
(dobutamine > effort)
(dipyridamole not used 
in France in this 
situation)
Low dose WMSI 
(5-15mcg/Kg/min)) for
contractile reserve and peak 
WMSI for ischaemia 
(and biphasic response)
Possible from day 3 post MI if no 
complications and beta blockers 
omitted on the same day 
No threshold value 
Importance of topography 
and extent of induced or 
modified segmental 
asynergy
E: transmitral E wave; LVEF: left ventricular ejection fraction; Vp: Propagation velocity in colour M-mode; WMSI: wall motion score index.
Table 7 Acute coronary syndromes: utility of new techniques, optional parameters to be recorded. 
Parameters Thresholds/quantification Technical comments Value
Myocardial contrast 
echocardiography [21]
Assessment of the area at risk 
Identification of “no reflow” 
phenomenon
Evaluation of viable myocardium
Intra-coronary contrast echocar-
diography validated, little used
Intravenous contrast echocar-
diography not used routinely 
Prognostic value from 
identifying the 
“no-reflow” phenomenon 
Transthoracic coronary 
Doppler [22]
Parameters suggestive of
“no reflow”:
— Diastolic flow deceleration 
time <185 msec
— Reverse systolic flow 
Recording LAD coronary flow by 
high frequency transthoracic 
Doppler 
Prognostic value from 
identifying the 
“no-reflow” phenomenon
Cardiac cycle-dependant 
variation of integrated 
backscatter
Non-invasive identifica-
tion of reperfusion 
Predictive of left ventri-
cular remodelling
LAD: left anterior descending artery 
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Figure 1. 16-segment classification (ASE) (adapted from 7).
Figure 2. Coronary vascular territories (adapted from 7).
Consensus indications for Doppler-echocardiography in the diagnosis and initial evaluation of acute coronary syndromes
(ACS) 
Class I
— Diagnosis of myocardial infarction or suspected ACS if diagnosis from classical criteria uncertain (ECG, cardiac enzy-
mes) including troponin.
— ACS and cardiogenic shock*
— Suspected mechanical complications of myocardial infarction*
— Investigation for right ventricular extension in the case of suggestive clinical signs in patients with an inferior myocar-
dial infarction. 
Class II
— Assessment of the extension of segmental abnormalities and left ventricular function during ischaemia.
Class III
— Diagnosis of myocardial infarction when the diagnosis is clear from classical criteria (ECG, cardiac enzymes)
* TEE indicated if TTE assessment inadequate. 
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ned myocardium by the infarction but viable with contrac-
tive reserve. It also detects residual ischaemia in the
infarcted or distant area (detecting multiple vessel
disease) [25-26]. Patients with contractile reserve have
significant increase in LVEF and a significant decrease of
segmental wall motion score index and end-systolic and
end-diastolic volumes [27].
The presence of myocardial viability is a powerful predictor
of the risk of cardiovascular complications. In the numerous
available publications [24,25,28], this test has an excellent
negative predictive value of around 90%, relative risk varying
between 2 and 5 depending on whether the end point used is
death ± recurrence of myocardial infarction ± recurrence of
myocardial ischaemia.
Dobutamine echocardiography compares favourably with
myocardial scintigraphy post-infarction: it has better specifi-
city although at the cost of poorer sensitivity [29].
Acute coronary syndromes without ST segment
elevation
Very little information is currently available on the use of
pharmacological stress echocardiography in this context [30,
31]. Lin [31], demonstrated that the feasibility and utility of
ECG was limited (ECG uninterpretable in 25% of patients and
of those who completed the exercise test, 38% did not achieve
the target heart rate) in a population of ACS patients assessed
after monitoring for 48 hours and followed up for an average
of 29 months. The presence of ischaemia on echocardiography
predicted events (death, infarction and subsequent revascula-
risation) in contrast to ischaemia on ECG. 
In the absence of electrical or enzymatic evidence of myo-
cardial ischaemia or myocyte necrosis a negative stress echo-
cardiogram should be reassuring and could avoid unnecessary
hospitalisations of patients at very low risk of cardiovascular
events.
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INDICATIONS FOR ECHOCARDIOGRAPHY 
IN CORONARY RISK STRATIFICATION
BEFORE NON-CARDIAC SURGERY
Cardiac complications are responsible for the main adverse
events following major surgery and detecting patients at high
risk of a per- or post-operative coronary event would seem
extremely useful. It is important before the procedure to
investigate for these as thoroughly as possible and thereafter
to monitor the patient at close intervals per and post-operati-
vely. Coronary risk was initially assessed in patients who had
undergone vascular surgery [1-4] because of the high preva-
lence of coronary artery lesions in this population. There are
many risk factors, involving clinical, electrocardiographical
and historical findings and also the type of surgical procedure
planned. This makes stratification difficult and requires a suc-
cessive stepwise assessment to be used.
Clinical risk markers have been established from large
series and are proposed in the North American recommenda-
tions (table 1) [5]. In order to facilitate clinical risk assess-
ment, some authors have proposed a simplified score which is
currently used by most teams (table 2). Clinical markers are
not however sufficient as the surgical procedure also influen-
ces the incidence of cardiovascular complications (table 1).
The first, clinical and electrocardiographical, stage is used to
detect patients at lower risk (patients with one or more minor
risk factors but no intermediate or major risk factors). If func-
tional capacity is good in this group (clinical evaluation and if
uncertain, exercise test), surgery can be proposed with no
other investigations (table 3). If the clinical assessment
detects factors suggesting high clinical risk the surgical proce-
dure should be postponed and a full cardiological assessment,
possibly combined with coronary angiography, should be
obtained. Patients at intermediary risk from the clinical fin-
dings in practice represent a large proportion (69% of patients
in a recent general surgical series) [6]. The management of
this group is still being debated and there is no single defini-
tion of the group. One definition often used is the presence or
1 or 2 intermediary clinical risk factors. Functional capacity
should be assessed first line with an exercise test which is use-
ful prognostically but its feasibility is often limited in an
elderly population with poor functional capacity [7, 8]. If
satisfactory and if the procedure is not high risk, surgery may
then be considered (possibly under beta blocker cover, see
below). If functional capacity is poor or unassessable or if the
surgery is intermediary or at high risk, a functional test is
appropriate (table 3). This is the situation in which stress
echocardiography (most often with dobutamine) has a role as
it is easy to perform and very widely studied in this type of
population.
Published studies on dobutamine echocardiography mostly
involve vascular surgery with an assessment of immediate
pre-operative and late prognosis. All of these indicate that the
investigation has excellent negative predictive value (97 to
100%) [1-4]. Development of a wall motion abnormality during
the test is however an independent predictive factor for per-
operative ischaemic events. The positive predictive value of
the investigation for serious events (death or infarction) is
